Introduction
The investigation of density fluctuations in multiparticle processes has been found to be conceptually useful and extremely fruitful (for a recent review see [1] ). The discovery of intermittency has resulted in the application of fractal concepts rather than analysis in terms of ordinary gaussian techniques.
Hadronic multiple production events with large fluctuations in pseudorapidity have been known for a long time (see review [2] ). They are called ring-like (see [3] ) or spike events, because, in a single event, many particles tend to be emitted with similar polar angle, but randomly distributed in azimuthal angle. So, the event is characterized by a ring of particles in the plane perpendicular to the collision axis. Early evidence for large concentrations of particles in small pseudorapidity regions of single events has been reported for cosmic ray experiments [4] - [6] and for pN collisions at 200 GeV [7] . More recently, strong fluctuations have been observed by the JACEE [8] , UA5 [9] and NA22 [10] Collaborations.
In recent years, the theoretical approach to that phenomenon has concentrated on scaling behavior of factorial moments and ideas of intermittency and fractality. It has been recognized that similar features appear in perturbative QCD [11] - [14] as a consequence of parton showers. Shower evolution gives rise to a scaling law governed by the anomalous dimension of QCD.
A single gluon jet would produce a spike both in pseudorapidity and azimuthal angle. Therefore, spike events with wide azimuthal distribution would require fluctuation in the number of gluons emitted within a given polar angle interval. In that case, no specific polar angle is preferred by spike centres.
On the contrary, a non-perturbative mechanism exists [3, 2] which could provide bunches of gluons at a fixed and rather large polar angle. If confinement restricts the region for asymptotically free quarks and gluons, color currents exist only at a finite length (or within a restricted region of space). The quarks can emit coherently within the initial volume of the colliding particles. Then one can show that coherent emission of gluons by such step-like currents comes about at angles much greater than that by radiation gathered from an infinite trajectory.
The effect is analogous to electromagnetic radiation from finite length and can be deduced already from the classic works of Tamm [15] onĈerenkov radiation. It is important to stress that this is coherent radiation of a finite size target which is (either QCD color or QED charge) neutral. The emission angle is directly related to the target size.
Bremsstrahlung of a particle is known to be formed over a distance (the coherence length)
where v is the particle velocity and ! and are frequency and radiation angle, respectively.
For usual bremsstrahlung angles m=E, this length increases unboundedly like L E 2 =!m 2 with increasing E, where m and E are the particle mass and energy. The restriction imposed on this length due to confinement, L = l c , results in an increase of the radiation angle 1= p !l c m=E ;
where l c is the characteristic size of the region of coherent quarks and gluons. A three-dimensional generalization of this simple model has been suggested in [16] . The important point is that the color charge sign of the colliding quark and (anti)quark is to be taken into account [17] . Quark-quark radiation has been found to give rise to destructive interference (due to the same color charge) and to result in a double-peaked (pseudo-)rapidity spectrum of secondary hadrons. Alternatively, quark-antiquark radiation leads to a single-peaked secondary spectrum (due to constructive interference). In interactions of hadrons with equal content of quarks and antiquarks the effect of double-peaking will be smeared. Thus, clear ring structure is expected to manifest itself only in pp interactions. It should completely disappear in pp interactions and be strongly damped in p and Kp processes. It has been shown in [18] that such peaks indeed appear in pp data. In this paper it is our aim to look further for such peculiarities in pp collisions and to compare them to p/Kp collisions in the same energy region.
Let us note that the decay/hadronization length and, therefore, the length of the accompanying gluon radiation is different for light and heavy quarks. The consequences of this effect on the ring like structure of heavy-quark events has first been discussed in [19] and the different number of pions accompanying b,c and u,d quarks has been interpreted as indirect experimental evidence in [20] . It would be important to measure the angular distribution of the accompanying radiation in B-decay to see if a ring-like structure is indeed observed.
Model
We shall assume the following physical picture. Quarks and gluons of the colliding hadrons cease to screen each other, i.e. they cease to form white objects in the course of a hadron collision. Thus, within a certain region of space-time, finite due to confinement, quarks and gluons will emit color bremsstrahlung gluons isotropically in the azimuthal plane, but at fixed polar angle. This polar angle is determined by the size of the region. We argue that the angle is rather large in the cms so that a double peak structure may be observed in pseudorapidity distribution of spikes.
One can write the inclusive cross-section for the production of secondary hadrons (only -mesons are considered) according to Emission by two color currents a,b at finite length, dng dx1dxtg will have the following form [17] :
where X1; X2 = 0:5x tg sinh yl 0 m p (1 tanh y) and the coherent confinement length is taken as l c = xl 0 = ; x = p jja =p jjA = p jjb =p jjB (see Fig.1 ):
Here, is the Lorentz factor, ' E c =m p ' p s=2m p , l 0 ' 2=m is the finite size (in the quark rest system) of the region where free color currents exist. The signs ?(+) refer to the emission by two quarks or gluons (a quark and an antiquark) belonging to the colliding hadrons A,B. Interference is absent for the case when emission is by a gluon + an (anti)quark.
From (1) follows that, if we can neglect the dependence of the fragmentation function D g! (x 2 ; m 2 t ) on the virtuality m 2 t , then due to factorization of expression (1) the distribution of gluons and centres of pion spikes will be the same.
As pointed out in the introduction, striking discrepancies between the rapidity spectra of spike centres are expected due to different signs in (2) with two symmetric (about the origin in the cms) peaks in the pp sample and with a single bump in p/Kp. Theoretical estimates according to (1) - (3) predict the peaks positioned at h cms g i 0:3, i.e. the interpeak distance is D(h 1 i; h 2 i) 0:6 [18] .
Method
In systems with small internal correlations fluctuations are governed by the Gaussian law. On the other hand, we do not know the probability density distribution which describes large fluctuations. Therefore, in spike search we have to find the boundary between the regions of weak and strong fluctuations. Such an approach removes the Gaussian statistical fluctuation-noise and does not distort the unknown density distribution in the strongly fluctuating region. This point is important for the question whether coherent jet emission shows the pattern of spike distributions according to (2) and, if so, what is the precise ratio of this process. The first aim is to find dense, isolated and homogeneous groups of particles. To achieve that, an iterative process of particle group recognition is applied to each individual event [18] . In each iterative step j the following variables are calculated:
1. the (target proton rest frame) pseudorapidity interval covered by a particle group
2. the number of particles k(j) in that group, 3 . the average pseudorapidity
4. the density of particles
5. the gradient of density GDN(j) = DN(j) ? DN(j ? 1);
6. and the maximum interval between neighboring tracks within the particle group GAP(j) = max i j i ? i?1 j ; i = 2; 3 : : : k(j) :
In the first step, k(1) equals the multiplicity of the whole event n ch and (1) is the interval covered by the whole event; the track having the largest distance from h (j)i is rejected; after that, a new iteration j = j + 1 is started until j max = n ch ? 2 is reached. A triplet vector
is defined from the last three variables. The signals obtained in these variables are a sum of genuine dynamical fluctuations and statistical noise. The second aim of our approach is, therefore, to subtract the noise and to obtain a genuine signal without distortions. To estimate the limits of the Gaussian-like fluctuations, we determine the variances of the corresponding distributions. Two standard deviations are then used as threshold values for the definition of genuine dynamical fluctuations.
As these thresholds, TDN is defined as the upper limit on the density for Gaussian fluctuations (i.e. the density frontier for genuine spikes), TGDN on the gradient. TGAP is the upper limit for the maximum inner interval of the particle group to be considered genuine.
As a preselection, a group of particles is accepted as a spike if DN(j) > TDN; (5) GDN(j) > TGDN; (6) GAP(j) < TGAP :
The threshold values used are given in table 1 as a function of the spike multiplicity k. The threshold values TDN and TGDN have been chosen from analysis of experimental distribution of all events in DN and GDN as borderlines between the main Gaussian-like peak at small values of DN and GDN and the long tail with large DN and GDN. The homogeneity of the group is defined by TGAP=0.291 chosen from the Gaussian fit of the experimental distribution of maximum gaps in the groups as compared to the distribution of gaps next in their values. The procedure is described in more detail in [18] .
Expressions (5) and (6) can be rewritten in terms of the interval (k + 1) for k + 1 particles from which k belong to the spike:
(k + 1) > (k) + n ; (8) where is the average inner gap and n is an integer. Physically, n is related to the distances from the spike to the nearest track, namely limited (n small) or extented (n large) at which the particle groups are recognized. As a final selection, we have considered n = 2 and 4 and concluded [21] that the signal/background ratio tends to increase with increasing n.
Events are analysed sequentially by this algorithm. The content of each event is fully examined before the next event is considered. Spikes found first and the data corresponding to their tracks are removed from the data set to eliminate confusion when searching the remaining tracks. Using a loop over all tracks in the current event, all possible spikes are analysed.
One of the advantages of (5) - (8) is that statistical noise is filtered out and spikes become directly accessible without distortions. This noise is described by the pseudo-Gaussian distribution from which the thresholds in (5) -(7) are obtained as discussed above.
The data
The experimental sample consists of 5 024 pp-interactions at 205 GeV/c (Bubble Chamber FNAL filled with H 2 [22] ), 33 228 pp-interactions at 360 GeV/c (EHS [23] ) and 6 082 pp-interactions, 36 317
K + p-interactions, 102 079 + p-interactions at 250 GeV/c (EHS, this experiment).
An event is accepted for analysis if the measured and the reconstructed charge multiplicity is the same, charge balance is satisfied and the total charge multiplicity n ch 8.
The results
The low multiplicity (k 3) spike center h i distribution has first been studied in [24] . Two clear peaks have been observed at large cms angles giving insight into coherent emission of gluon jets. However, only now it is realized that low multiplicity spikes should indeed be considered. The reasons are that, on the one hand, the decrease with increasing k dN=dk exp(?bk)
is very fast and, on the other, the spike center distribution at low k(= 3) [24] is different from that at large (k > 6) multiplicity [21] . This fact, obvious at present time, was not commonly appreciated in the past. It is of considerable importance for the analysis of the processes of both regular and stochastic dynamics.
The parameter b in (9) depends on the selection criteria. For very high density groups of particles (width of y-window of 0.1 unit) exponentially decreasing dN=dk are indeed obtained in [16] for + p, K + p and pp-collisions at 250 GeV/c.
In [18] the h i distribution has been studied for a combined sample of pp interactions at 205 and 360 GeV/c. Two narrow peaks are observed at cms angles of about 75 0 and 105 0 . They correspond to spikes having ring-like structure, even for multiplicity k = 3.
From these results and from the distribution in the transverse momentum of spikes and particles, the azimuthal angle, the energy of particles and the invariant mass of spikes [18] , the authors conclude that coherent emission of gluon jets does indeed exist in hadron interactions, but is certainly not the dominant mechanism of multiparticle production. This is quite understandable since the coherent emission is collected from a path much shorter than available for incoherent processes.
The results presented in this paper are based on both pp and + p/K + p data and allow a more definite conclusion. Considerable difference is expected for the spectra of gluon jets from the difference in quark-quark and quark-antiquark systems contributing in these two reactions. There are reasons to assume that at large gluon energy (! m ) the spectra of the particle-group centres will be similar [2] to the gluon spectra. Therefore, the spike distributions are expected to be different in proton-proton and meson-proton interactions.
In Fig.2 a) and b) we first study the inclusive distribution of the center h i of spikes for pp and + p/K + p-interactions, respectively. The more stringent criterion (8) with n = 4 is used to identify spikes in this case. In all spectra a bin width of 0.1 unit is chosen. It has been verified that application of half this value does not change the results. In Fig. 2 the following observations can be made.
For the combined pp data at 205 GeV/c, 250 GeV/c and 360 GeV/c in Fig. 2a , the h i distribution shows peaks superimposed on a fairly strong background. The peaks with the largest statistical significance are those at h i=3.2 and 3.8, corresponding to cms production angles of 72 3 and 108 3, and conform to the theoretical predictions h cms g i = 0:3. One could perhaps say, that the irregularities are due to the small statistics of the pp data and disappear in the large statistics + p data. We, therefore, have divided the + p sample into two parts and analysed each part separately. The same results are obtained.
To reduce the background we impose the condition of associated spike-spike production within a single event. In the regions h i < 1:9 and h i > 4:9 we have a strong contribution of spikes from diffractive processes. These are excluded by restricting the analysis to the pseudorapidity interval 1:9 < h i < 4:9. Again, criterion (8) with n = 4 is used to identify spikes.
The results are shown in Fig.3 . Again, a double-peaked spectrum is observed for the pp data (Fig.3a) . Comparing Figs. 2a and 3a we find that, although statistics is strongly reduced, the peaks are relatively more dominant in the second case. We obtain a signal of 73 and 63 spikes above a background of 150 and 147, respectively, corresponding to a statistical significance of 4.9 and 4.3 standard deviations.
The 
The ratio of such events is (0:26 0:03(stat)) 10 ?2 of all events with n ch 8.
The spike center distribution for the + p data (Fig.3b, solid and from expressions (10)- (12), one sees that the pseudorapidity positions of the two peaks converge to the same values. In all variants of the analysis, the most probable values of these enhancements are close to the polar angles 72 3 (stat) and 108 3 (stat) in the center-of-mass system of the colliding protons. This value agrees with our choice of coherence length (3).
Conclusions
Using the tools providing direct spike identification, on one hand, and a model for coherent gluon emission over a finite length, on the other, we come to the following conclusions:
The model prediction differs drastically for spike production in pp and p/Kp interactions -a double-peaked rapidity spectrum is expected for pp-interactions, while a single-peaked one is expected for p/Kp-interactions.
The spike-center pseudorapidity-distribution indeed has two prominent peaks for the pp data. The peaks manifest themselves very well in all variants of the analysis. The most probable values of the polar angles are 72 3 (stat) and 108 3 (stat) in the cms system of the colliding protons. The distance between the peaks agrees with the choice of the cms coherence length (the cms longitudinal size of colliding hadrons) l c = xl 0 = .
The + p data show one wide bump in the middle of the spike center distribution at h i = 3:57 0:08(stat) 0:15(syst). The bump width is close to twice the value for pp-interactions.
It is observed when using the more stringent selection criterium of associated spike-spike production.
The K + p data are similar to the + p data, with the peak shifted to lower pseudorapidities, h i = 3:15 0:07(stat) 0:15(syst).
The high level of statistical significance obtained when the more stringent criteria are used shows that the observed signals are not just statistical fluctuations. The relative stability of the positions of the observed peaks in all variants of the analysis (10)- (12) and the right correlation of the enhancement widths for pp and p/Kp data lead to the conclusion that these signals are due to regular dynamics processes. The results of this work, therefore, indicate the existence of coherent gluon emission in hadron interactions. 
